According to the United Nations, the world has met the Millennium Development Goal target of halving the proportion of people without access to safe drinking water. However, global figures mask massive disparities between regions and countries, and within countries. For instance, only 64% of the people in sub-Saharan Africa have access to improved water sources. Over 40% of all people globally who lack access to drinking water live in sub-Saharan Africa. Rwanda is used as a case in point in this study.
INTRODUCTION
Improved water and human health are inextricably linked (Fink et al. ) . Unsafe drinking water, and limited accessibility of water for hygiene, among other factors, contributes to about 88% of deaths from diarrheal diseases (Prüss-Üstün et al. ). Improvement of drinking water quality will reduce diarrhea episodes by 45% and eventually lead to a to an improved source of water, lives in rural areas. Also, 62% of the 2.3 billion people who gained access to improved sources were in urban areas, and more than two-thirds of these gained access to piped water on premises that provide the highest level of health (WHO & UNICEF ).
Albeit, these statistics, the drinking water target highlighted by the Millennium Development Goals (MDGs) -which calls for halving the proportion of the population without sustainable access to safe drinking water between 1990 and 2015 -is considered to have been met in 2010.
These seemingly noteworthy aggregate statistics at the national and regional levels highlighted above, however, mask huge place-based disparities especially in sub-Saharan Africa where access to improved water already lags behind other geographic areas of the world. Sub-Saharan Africa remains the area of greatest concern because it is a region of the world where access to improved water sources remains low (Hutton ; Salami et al. ) . This stimulates research that seeks to elicit a nuanced understanding of the relationship between place-based disparities in access to safe drinking water and water-related health differentials among populations.
Previous research on disparities in access to improved water sources and its relationship with health differentials among populations have emphasized the importance of either composition or context effect. In terms of composition effect, it is argued that individuals in the same neighborhood tend to be more similar to one another than to those in other neighbourhoods in terms of predisposing factors of limited access to water such as age and socioeco- Although place-based inequalities of other determinants of health have been widely documented (see Patrick ), less effort has been devoted to addressing place-based inequalities in access to improved water sources within or across countries over time. Hitherto, the focus on place-based disparities in drinking water quality, and by extension health differentials, has been restricted to dichotomous conceptualizations of place into rural-urban, and regional north-south.
This dualistic framing is problematic as it ignores the heterogeneities within rural and urban areas and within the regional north and south. For instance, both urban and rural areas may occur in the regional north likewise the regional south. Moreover, evaluating water-related health differentials using composition, context, or collective effects alone fail to consider the dynamic nature of people and geographic spaces. For example, urbanization is a continuing phenomenon such that rural areas are constantly changing into urban landscapes with time. This makes it imperative to analyze the role of collective effect in generating water-related health differentials in different places across time. This is a fundamental motivation of this study.
The purpose of this paper is to underscore the empirical and practical significance of examining the influence of collective effect on water-related health differentials across time using Rwanda, as a case in point. Although Rwanda has done well in the improvement of infrastructure to improve water access, it remains important to investigate the trajectories of potential inequality related to access to improved water sources. The paper therefore investigates changes in access to improved sources of water over time and therefore contributes to the assessment of the country's commitment and progress towards its socioeconomic developmental agenda. The rest of the paper is organized as follows: the next section provides an overview of the data.
Then, we describe the theoretical relevance of the outcome variable and covariates. After the presentation of the results, we then discuss the findings in light of the extant literature on access to improved water sources.
MATERIALS AND METHOD

Study context
In sub-Saharan Africa, Rwanda is often considered as a suc- Table 1 ). According to the MDG definition, an improved drinking water source is defined as one that by nature of its construction or through active intervention is protected from outside contamination, in particular from contamination with fecal matter (AMCOW ). In line with the official indicators for the MDG drinking water target, only users of improved water sources are considered as having access to drinking water.
Key independent variable
The key independent variable is place, which reflects contextual factors. It was operationalized using region, place of residence (rural-urban), and time to get to source of water (proximity). The five regions were coded as
Place of residence was coded as '1' ¼ Rural and '2' ¼ Urban.
Control variables
Using the criteria set out in Pol & Thomas () 
Data analysis
The data were processed in and analyzed in Stata version 13. Logistic regression analysis was performed to determine whether or not any of the independent variables influenced the dependent variable (access to improved source of water).
A logistic regression model is frequently used when the dependent variable is dichotomous ( Further, let p denote the probability that an observation is an event, that is, P ¼ P(Y ¼ 1). The logistic regression models the log-odds of an event as a function of a linear combination of the intercept and slope parameters:
With the obtained estimates, it can be shown that:
which gives the estimated probability that an observation is an event.
Usually, when this probability is greater than 0.5, the observation is classified as event, otherwise, it is classified as nonevent (Agresti & Finlay ) . In the present study, apart from theory, parsimony, and previous research, inde- errors. An OR of 1.00 implies that the two groups are equally likely to access improved source of water. An OR higher than 1 implies that the first group is more likely to experience the event (access water) than the second
group. An OR of less than 1 implies that the first group is less likely to experience the event (access water). The OR is a measure of effect size and therefore provides information on the strength of relationship between two variables. Table 2 shows that more than three-quarters of respondents surveyed had access to improved sources of water. More than half of the respondents had primary education. More than three-quarters of the respondents lived in rural areas.
RESULTS Univariate
A greater percentage of the respondents reside in the West, followed by Kigali City, South, East, and North. Four multivariate models are fitted as shown in Table 3 .
In the first model, we examine the effects of the two spatial variables, place of residence and region of residence, on access to improved water source. In the second model, we control for psychosocial and sociocultural variables. In Models 3 and 4, we examine how time moderates the relationship between place of residence and region of residence, and access to improved water source, respectively.
In doing so, we capture how access to improved water has changed over time in these spatial contexts while controlling for other theoretically relevant factors.
Model 1 shows that people who lived in the West (OR:
0.88 P < 0.01) and East (OR: 0.45 P < 0.00) were less likely to have access to improved water sources compared to those in Kigali. Rwandans who resided in urban areas (OR: 3.20 P < 0.00) were, however, more likely to have access to improved water sources.
After controlling for psychosocial and sociocultural variables in Model 2, we found that people who resided in the South (OR: 1.20 P < 0.00) and North (OR: 1.20 P < 0.00)
were more likely to have access to improved water sources relative to those in Kigali. However, those in the East (OR: 0.51 P < 0.00) were still less likely to have access to improved water sources. Although marginally attenuated, the positive effect of place of residence on access to improved water was retained. Household heads with secondary (OR: 1.29 P < 0.00) and primary (OR: 1.84 P < 0.01) education were more likely to have access to improved water compared to their uneducated counterparts. Respondents from middle (OR: 1.90 P < 0.00), richer (OR: 2.11 P < 0.00), and richest (OR: 2.85 P < 0.00) households were also more likely to have access to an improved source of water. The age of household heads was positively associated with access to improved water source. Male-headed households (OR: 0.91 P < 0.01) were less likely to have access to improved water compared to female-headed households.
Every additional household member decreased the likelihood (OR: 0.98 P < 0.01) of having access to improved water. Likewise, distance to a water source was negatively associated with the likelihood of having access to improved source of water.
In Model 3 we controlled for time and found that over time respondents from the South (OR: 1.29 P < 0.00), West (OR: 1.12 P < 0.05), and North (OR: 1.28 P < 0.00)
were more likely to have access to improved water com- In Rwanda, while urban areas had coverage of 90%, the rural areas had a lesser coverage of 40% (UNICEF ).
These findings are also consistent with the National Water In sum, this study evaluated access to improved water sources in Rwanda over time. The overarching finding in this study showed a worsening in access to improved water source. Regional disparities with regards to access to water quality were found to have widened, with the Eastern region having the lesser likelihood of access to improved water source. Also, rural-urban disparities in access to improved water sources were evident, with urban areas having a greater access to water than the rural. Wealth, education, and age were found to be significant and robust predictors of water quality access. Any policy directed at dealing with the problem of water access should consider primarily densely populated areas while employing pro-poor approaches.
